'One tooth one child': evaluating the effects of diet and fertility on the oral health of women from archaeological sites in South America
A common observation in bioarchaeological remains worldwide is poorer oral health in women, with a noticeably higher frequency of dental caries in women compared with men (1) (2) (3) (4) (5) (6) . Contemporary societies have also registered a higher frequency of caries, periodontal disease, erosion, and gingivitis in women as a result of pregnancy (7) (8) (9) (10) . Although the presence of an aetiological agent [such as Streptococcus mutans, Streptococcus sanguis, Actinomyces sp. and/or Veillonela sp. (11) ] is mandatory for initiation of the carious process, several other factors, in addition to sex and oral microflora, can be linked to caries development. These factors concern lifestyle and social status, and numerous biological predispositions (12) (13) (14) .
The amount of sugar and starch in an individual's diet is the most significant 'lifestyle' factor: greater consumption of sugary and starchy foods has been historically associated with an increase in dental caries (15, 16) . With respect to starch, the level of its cariogenicity is also important. Cariogenicity is defined here as the theoretical probability of a certain food triggering the initiation and development of carious lesions and is dependent on the chemical properties of the carbohydrate (17, 18) . Regarding food preparation, various mechanical processes and use of high temperatures facilitate the digestion of starch molecules by oral bacteria. Increased starch digestion leads to an increase in acidic metabolites, resulting in increased enamel erosion and tooth destruction (19) . Variations in the adhesion of food may also lead to a change in caries experience, considering that soft and adhesive carbohydrates show higher cariogenicity (20) .
Researchers have pointed out that the sexual division of labour could explain the higher caries experience in women of ancient societies. Supposing that women were engaged in activities, such as foraging and cooking, more often than men in hunter-gatherer societies, they would consequently have more access to carbohydrate-rich food, whereas men would have more access to protein from their hunting activities (15) . Recently, however, physiology-based explanations are gaining ground (4, 5, (21) (22) (23) (24) (25) (26) . The earlier eruption of teeth in girls is proposed to support the higher prevalence of caries in women. The argument suggests that because girls' teeth are exposed to a cariogenic environment for a longer period of time, the carious process may begin earlier and advance further (21, 27, 28) . However, conof teeth between girls and boys is relatively short -1 year at most, what is more plausible is the common belief in the USA (27, 28 ) that women have an increased incidence of caries during pregnancy. The saying 'one tooth one child' (15) is supported by findings that pregnancy elevates oestrogen levels, which may alter the flow of saliva and its composition, favouring the development of caries (21) .
Assuming that oestrogen levels are higher during pregnancy, the 'Neolithic Transition' (namely, the historical transition from foraging to agriculture) would have increased susceptibility to caries in women because of a decrease in time between pregnancies and consequently more children. The Neolithic Transition resulted not only in greater availability of cariogenic foods through agriculture, but also in an increased fertility rate, associated with sedentary lifestyle and shorter birth intervals (21) (22) (23) . In fact, observations of the change in caries experience of populations in the Indus Valley [2500-2000 BC (1) ] and South-East Asia [2500-1500 BC (26) ], show that dental caries and ante mortem tooth loss indices increase with time (especially for women), along with demographic growth.
In order to test the hypothesis that female physiological traits lead to a higher frequency of caries, we analysed caries experience in women exhumed from 12 prehistoric South American societies. We also compared caries experience in men and women based on their diet, having chosen societies with different subsistence patterns: six fisher-hunter-gatherer populations versus six fisher-agriculturalist populations. The 12 archaeological sites selected for this analysis are mainly coastal and include six Andean sites (located in the Pacific Coastal Desert) and six sites on the Atlantic coast, within the present-day Peruvian and Brazilian territory (Fig. 1) . Although living on the coast and consuming a diet high in seafood, the Peruvian osteological collections correspond to farmer societies (29, 30) , whereas the Brazilian samples correspond to shell midden-dwellers who subsisted on fishing, gathering, and hunting (31) .
Provided that the female physiology is indeed the main factor responsible for the disparity in caries experience, we expect to see poorer female oral health in every context, but more so in the societies with higher birth rates. On the other hand, if subsistence is a more important contributor to the caries experience than physiology and fertility, we expect a trend among agriculturalist women and men of having higher caries experience than hunter-gatherers of either sex. As intensification of agriculture is the main feature of the socio-economic context of the Central Andes from the Middle Holocene, a gradual increase of poorer oral health markers is also expected (32) .
Material and methods
A total of 481 individuals exhumed from the 12 South American archaeological sites (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) were included in our analysis (Table 1, Fig. 1 ). All individuals were classified according to site and region and compared regarding sex and age (Table 2 ). Refer to the Material and methods section below for age at death and sex determination.
The Andean populations that were studied date from 2900 BC to 1530 AD and they relied on agricultural products. There are well-documented exchange routes and trade interdependence in the neighbouring valleys (45, 46) . This shows that even if there were to be no proof of agricultural production in the sites, the exchange routes allow us to infer the presence of cultivars in all of them (47, 48) .
With the exception of Laguna de los C ondores, a highland settlement near the Andean-Amazonian 'Ceja de Selva' region, all the Peruvian sites are located on the coast of the Central Andes; therefore, marine resources played an important role in the dietary habits of these populations, especially those in the most ancient sites. The tectonic activity of the region and the El Niño Southern Oscillation effects periodically disturbed the environment, possibly explaining the agricultural intensification since early epochs, despite the availability of marine protein-rich foods. The first evidence of agriculture in Peru dates from the 'Early Archaic Period' (8000-4000 BC), with tubers (manioc, potato, sweet potato), beans, and pumpkin being the earliest crops produced (49) . Maize reached the region around 5000 BC and was the preferred crop among pre-Columbian societies since around 500 BC. Therefore, by the time that Europeans arrived on the continent, Andean societies' diets were predominantly maize based (30, 50) .
On the eastern coast of South America, almost 2,000 archaeological sites, called 'sambaquis', have been reported. These shell mounds date from 6000 BC to 1500 AD. They are often monumental mounds containing lithic artefacts, faunal remains, and burials. Even though the accumulation of shells can be attributed to subsistence activities, they were extensively used for construction and as offerings during funerary ceremonies (31). Fish, marine mammals, and molluscs played a central role in the nourishment of these people, which probably prevented caries as a result of the high amounts of calcium and fluorine, as well as the abrasiveness of the diet (18) . In two of the 'sambaquis' analysed in this study, evidence of higher prevalence of caries was found in the more recent layers (Rio Comprido and Morro do Ouro sites), which is compatible with a horticulturalist profile (51) . In addition, studies on microremains retrieved from dental calculus indicated the presence of numerous distinct starch morphotypes in Morro do Ouro (52) and Jabuticabeira II (40) , suggesting a far more complex and diversified diet for these populations than initially believed.
Sex estimates were performed based on standards that rely on cranial and pelvic morphology. Estimates of age at death were based on the combination of five different methods: dental development; stages of morphological change in the os pubis; the chondro-costal surface of the fourth rib; the auricular surface of the ilium; and the degree of cranial suture closure and union of epiphysis in long bones (53) .
Before analysing the oral pathology, the following three inclusion criteria were applied: Individuals with clear sex and age estimation; Minimum age at death of 12 yr (sexed if sexual dimorphism was evident, or otherwise by contextual signs); At least 10 well-preserved permanent teeth per individual and 50% of the sockets or reabsorbed alveoli present.
Fertility, diet, and women's oral health As each individual had a particular number of teeth in the mouth (because of a combination of ante mortem and postmortem tooth loss), three individual oral health indices were calculated (as well as prevalence of hypoplasia) and recorded in order to establish valid comparisons among individuals and groups: Caries Index. This was used to measure the caries profile in each individual. Caries Index = number of carious teeth/total number of teeth in the mouth per individual. Deep Caries Index. This marker was employed to measure the severity of the carious process. The depth of lesions corresponds to the tissues affected (29, 54) : dentine and pulp caries were considered as deep, whereas enamel caries were considered as superficial. Deep Caries Index = number of deep caries (dentine + pulp caries)/total number of caries per individual. Ante mortem Tooth Loss Index. This index corresponds to the loss of teeth during life, based on the number of (partially or completely) reabsorbed alveoli (55) . Ante mortem tooth loss was interpreted as the final consequence of the carious process and periodontal disease (56) , although intense dental wear can also lead to this occurrence (2, 29, 57) . Ante mortem Tooth Loss Index = number of teeth lost ante mortem/total alveoli (empty and reabsorbed) per individual. Linear enamel hypoplasia (LEH) prevalence. Enamel hypoplasia is characterized by thin horizontal lines in the enamel, caused by disruption of matrix formation. It remains unchanged throughout life because of the inability of dental enamel to remodel. As enamel hypoplasia can be the consequence of a wide range of infantile infections and metabolic assaults, this marker can be used as an indirect indicator of nutritional stress during early childhood (53, 58) . The LEH was recorded according to the standards of BUIKSTRA & UBELAKER (53) by location (distance from the cemento-enamel junction) in the whole dentition when available and in incisors and canines (both antimeres) in individuals with incomplete jaws or dentitions. In the case of LEH, estimates were carried out per population (to establish prevalence). Thus, the prevalence of enamel hypoplasia = number of individuals showing enamel hypoplasia/total of individuals in the population. Comparisons of prevalence estimates between populations were carried out using chi-square tests with Yates' correction.
The mean values of the three individual indices were calculated and used to compare subgroups classified according to sex and age at death using the Mann-Whitney U-test (because our exploratory Kolmogorov-Smirnov analysis showed non-normal distributions, as is common in archaeological samples). The mean values thus obtained were compared as follows:
By site: for every site, male and female subjects, divided according to age group, were compared for caries index, deep caries index, and ante mortem tooth loss index. By subsistence systems: men and women from both groups (agriculturalists and fisher-gatherers) were compared for caries, ante mortem tooth loss, and deep caries, within and across groups. By fertility rates: correlations (Spearman's rank correlation coefficients) were established between estimates of population fertility rates and the three oral health indices (caries, ante mortem tooth loss, and deep caries) to evaluate the effects of fertility in women's oral health. Fishing, agriculture, Pu emape is located in the lower Cupisnique valley in the Peruvian north coast (07°31 0 15″ S-79°32 0 15″ W), 400 m from the sea. The settlement was occupied during three periods with a small gap between the second and third phases. Agriculture, fishing Los Pinos is a cemetery located 2 km from the sea in the lower Huaura valley (northcentral coast of Peru) at coordinates 11°07 0 13″ S-77°35 0 32″ W. This society is affiliated to Chancay Culture, an ethnic group that inhabited Huaura and Chancay valleys and was conquered by the Incas in the latest period of Andean chronology. The diet is based on fishing and on many carbohydrates of agricultural origin (29) Laguna de los C ondores (1100-1532 AD) Agriculture, herding, fishing
The site is a cemetery associated with a village. It is located next to Laguna de los C ondores (77°42 0 10″W-6°50 0 59″S and 2900 m above sea level), on the Peruvian Northern Highlands or 'sierra'. Laguna de los C ondores was inhabited by a pastoralist-agriculturalist society affiliated to the Chachapoya ethnic group that inhabited the eastern slopes of the northern Andes and some high Amazonian regions (33) Rio Comprido (3089-2640 BC) Fishing, hunting, gathering plant management?
This sambaqui is located in the Joinville city; near to the Rio Comprido in São Francisco do Sul-Babitonga Bay region, north of Santa Catarina -Brazil, at coordinates 26°16 0 33″ S-48°48 0 25″W. This is an ancient site in this region, which was probably located in a mangrove area in the past. The diet was based on terrestrial meat, fish, molluscs, and some vegetables obtained from gathering. As some dental markers (caries and dental wear) obtained from skeletons are similar to those of horticulturists, some degree of management of plants is probable (34) Cabec ßuda (3328-1978 BC) Fishing, hunting, gathering
This sambaqui is located in the Laguna region, South of Santa Catarina, at coordinates 28°26 0 22″S-48°49 0 47″W, in the shores of the Imauri lagoon, 17 km north of Jabuticabeira II. The huge volume of this sambaqui, associated with stratigraphic characteristics, suggests a long period of occupation, contemporary with Jabuticabeira II and other settlements (31) . The Cabec ßuda diet was wide. Fish, bird, and tiny mammal bones were found associated with harpoons, fishhooks, and lithic instruments probably used for food processing (31) Morro do Ouro (2854-2468 BC)
Fishing, hunting, gathering-plant management?
Morro do Ouro is located near to the Cachoeira river in the region of Babitonga Bay (north of Santa Catarina -Brazil), at coordinates 26°18 0 53″ S-48°49 0 40″ W. Morro do Ouro can be considered here as a horticulturist group because, as in Rio Comprido, there is evidence of horticulture in the more recent strata (34) . In this case, this interpretation is corroborated by the low stable-isotope nitrogen values found in the bones, of around 10%, which is a minimum value for a marine diet, suggesting high consumption of terrestrial elements (37) Fertility, diet, and women's oral health
The fertility index is an estimation of the crude birth rate (CBR), obtained using the formula 'D30+/D5+', generated from standard life tables and tested for archaeological populations (59) . It is a ratio between the number of individuals whose age at death was at least 30 yr and the group of individuals who died after reaching 5 yr of age. The D30+/ D5+ index shows an inverse relationship to the birth rate. Consequently, higher indices mean lower birth rates.
A complete record of individuals according to population was used to calculate the fertility index. As the fertility rate is a demographic estimate, the inclusion criteria used for the oral pathology analysis were omitted when estimating the fertility index; every individual was counted (in some cases no teeth or jaws were identified). Sites not suitable for demographic analysis because of the archaeological method of recovery, funerary behaviour, or nonrepresentative demographic structure, were excluded. Six sites were judged as not demographically representative (Paracas, Los Pinos, Laguna de Los C ondores, which were agriculturalists; and Rio Comprido and Morro do Ouro e Cabec ßuda, which were fisher-hunter-gatherers). Although fertility is one of the main focuses of this study, only populations in which a confident estimate was made of the fertility index were included in the estimation of This sambaqui is located near to the Camacho lagoon in the Jaguaruna region, south of Santa Catarina-Brazil (28°34 0 39″ S-48°59 0 39″ W). This region is characterized by a number of lagoons and bays very rich in food sources. Jabuticabeira II was probably a cemetery used by many surrounding shellmound dwellers during a millennium (38) . There is indirect evidence of a high demographic density in this site: the presence of treponematoses and other infectious diseases (39); and estimates of more than 40,000 burials at the site (36) . Even though the dwellers subsisted on a marine diet, they did process vegetables such as sweet potatoes, yams, and maize in the more recent periods, at least (40 correlations with caries, ante mortem tooth loss, and deep caries frequencies (see Table S1 ). All statistical analyses were performed using SPSS 18.0 (SPSS, Chicago, IL, USA) at a significance level of P < 0.05, with the exception of the comparisons established between men and women from different subsistence systems and from different regions (Andes and Atlantic coast), which demanded Bonferroni correction for multiple comparisons and had the significance level adjusted to P < 0.01.
In order to understand our results for the populations' caries indices in a broader context, we compared the number of decayed, missing, and filled teeth (DMFT) of current populations, available in the Global Oral Data Bank (60), with the corrected Decayed Missing Index (DMI) of the prehistoric populations analysed in our study (Tables  S4 and S5 ). The corrected DMI (55) is more appropriate for analysis of prehistoric populations because it considers the differential effect of wear-related caries and diet-related caries, which is most common in Sambaqui populations who had lost their teeth during life because of the abrasiveness of their diet that caused pulp exposure and consequently pulp caries (57) . In addition, individuals with incomplete dentition were excluded from this analysis to avoid the biases generated by postmortem tooth loss. These indices were calculated as follows: DMI = [(number of carious teeth À number of carious teeth associated with pulp exposure) + ante mortem tooth loss)*100/total number of observed teeth and alveoli]; and DMFT% = (decayed + missing + filled teeth)*100/28.
Results
Intra-site comparisons between men and women were established for specific age groups because ante mortem tooth loss and caries are age-dependent diseases and the demographic structure of the sites therefore needed to be considered. Many groups lacked a sufficient number of representatives for one of the sexes (or both), so they were not included in the analyses: adolescents from Caral, Pu emape Early, Pu emape Middle, Pu emape Salinar, Paracas Cavernas, Paracas Necr opolis, Armatambo, Laguna de Los C ondores, Rio Comprido, Morro do Ouro, and Ten orio; young adults from Caral and old adults from Caral, Pu emape Early, Pu emape Middle, Pu emape Salinar, Paracas Cavernas, Armatambo, Rio Comprido, Morro do Ouro, Jabuticabeira II, Cabec ßuda, Ten orio, and Z e Espinho. Even in those with individuals from both sexes, the age distribution still needed to be Table 3 The values of the three oral health indices for each archaeological site (ordered by antiquity) according to sex and age of the exhumed individuals in the Andean region Fertility, diet, and women's oral health carefully considered because an imbalance of sex ratio (female/male) is often observed. Table 2 displays the number of individuals per age group within sites. For caries, ante mortem tooth loss, and deep caries indices (Tables 3 and 4, Table S2 ) we had two examples of significant differences between sexes among 34 comparisons, namely middle adults of Los Pinos and Paracas Necropolis, where women showed a higher index of ante mortem tooth loss than men. Mainly among the agriculturalists, older women tended to show higher means of caries and ante mortem toothloss frequencies than men, even though these differences were not statistically significant. Linear enamel hypoplasia can potentially inform about infections and indirectly about nutritional stress (proteic and caloric) during early childhood enamel development (58, 61) . That is why these comparisons did not require an age split. Regarding the prevalence of LEH (Table 5) , men from Rio Comprido showed a higher prevalence of LEH than women (P = 0.04; Yates' P = 0.14). Caries: number of carious teeth/total number of individuals. Ante mortem tooth loss: number of teeth lost ante mortem/total number of individuals. Deep caries: number of teeth with dentine lesion or caries to the pulp/total number of individuals. No significant difference between men and women were detected (Mann-Whitney U-test; P < 0.05). Table 5 Prevalence of enamel hypoplasia per archaeological site according to sex* *Individuals with available parameters only. Significant differences between men and women are shown in bold (P < 0.05). Fig. 2 . Caries, ante mortem tooth loss, and deep caries indices of agriculturalists and fisher-hunter-gatherers divided according to age and sex. AD, adolescents; F, female; M, male; MA, middle adults; OA, old adults; YA, young adults.
Fertility, diet, and women's oral health
Agriculturalists showed significantly higher caries (P < 0.00), ante mortem tooth loss (P < 0.00), and deep caries (P < 0.00) indices than fisher-hunter-gatherers (Fig. 2) . The pattern was similar for men from these two subsistence strategies (caries: P < 0.00; ante mortem tooth loss: P < 0.00; deep caries: P < 0.01) and women (caries: P < 0.00; ante mortem tooth loss: P < 0.00; deep caries: P < 0.01). The same trend appears between Andean and Atlantic populations (see Table S3 ).
Because of methodology problems related to archaeological recovery (preservation and representativeness of samples), only six populations provided reliable samples for the estimation of fertility rates ( Table 6 ). The Spearman's rank correlation coefficients calculated between fertility rates and oral health markers (caries q = 0.203, ante mortem tooth loss q = 0.116, and deep caries frequencies q = À0.116) did not show clear trends and were all non-significant (P > 0.05). Figure 3 shows that there is no noticeable difference between the DMI values obtained from the ancient populations we analysed and the DMFT values of current societies.
Discussion
Not surprisingly, our agriculturalist groups showed significantly higher frequencies of caries and ante mortem tooth loss than the fisher-hunter-gatherer societies: several ancient groups who went through the agricultural transition (the so-called Neolithic Revolution) experienced an increase in caries index (15) , an outcome especially pronounced in women (24) (25) (26) 62) . We found a clear trend among agriculturalist women to present with more caries and ante mortem tooth loss than men, as illustrated in Fig. 2 . Despite this, the only significant results were found for middle-adults of Los Pinos and Paracas Necropolis, where the group composed of women showed higher ante mortem tooth loss index than men (Table 3) . We are not assuming, however, that agriculturalists necessarily had the highest fertility rates. This is because the idea of a Neolithic Revolution, which associates population pressures with the origins of agriculture, may not be a valid assumption in many contexts in Atacama (63) and Mesoamerica (64) , the transition to agriculture occurred gradually and was far from a 'revolution', with no demographic increase resulting from such transition at least in populations from Atacama (65) . Similarly, in eastern North America, no population pressure or resource imbalance was discovered to be related to the origins of agriculture (66) .
Within the fisher-hunter-gatherer group, men from Rio Comprido showed a significantly higher prevalence of enamel hypoplasia, but there was no clear trend of differences in other oral health indices between sexes, which corroborates the results available in the literature, both for osteological collections (67, 68) and for contemporary populations (27, 69) .
These findings, along with those obtained from the correlations between fertility (CBR) and oral health, give support to the hypothesis that dietary habits are still a much more powerful trigger for caries and tooth loss than hormonal effects, but this is not to say that the female biology does not play a role. There are other cultural practices that go beyond diet that need to be carefully considered in our analyses in order to evaluate our findings. The first is the Peruvian origin of the agriculturalist groups: their habit of drinking 'chicha' (maize beer, 3.5% alcohol) and chewing coca leaves (still very common in Peruvian societies) has long been known to cause xerostomia, accumulation of dental calculus, periodontal lesions and, eventually, tooth loss (48) . For this reason, their caries and ante mortem tooth-loss frequencies cannot be linked only to their subsistence system but are also linked to their culture in a broader way. Their mean values for ante mortem tooth loss and caries indices showed a significant difference between sexes, but the discrepancy between means could have been even higher if men had not practiced those habits more often than women. Meanwhile, at sambaqui sites, lower caries indices can be attributed to the attrition caused by the abrasiveness of their diet possibly having a cariostatic effect, but, on the other hand, accelerating the processes leading to pulpal necrosis and tooth loss (51) .
Even in studies where women do show a higher rate of caries than men, factors not linked to hormones have been reported as crucial for this imbalance. In the middle Euphrates populations, TOMCZYK et al. (70) found significantly higher levels of caries in women only in the Islamic period. In the Harappan society, a possible cause for women's poorer oral health is the sex discrimination imposed by the patriarchal culture (1, 23) . In some societies of Central Africa (Aka, Mbuti, and Efe), women are more affected by caries than men, although this is also associated with social inequalities (14) . The impact of social inequalities in caries experience has also been well documented in other contemporary societies (12, 71, 72) : social deprivation is associated with higher frequencies of caries or a higher amount of cariogenic dental plaque. Salivary cortisol, commonly associated with stress, was also found to be independently associated with low socioeconomic status and larger numbers of cariogenic bacteria in children from modern San Francisco (13) . It is likely that extrinsic factors have masked the effect of pregnancy in our analyses, accounting for the fact that, according to literature, women are indeed more susceptible to caries than men. It is not only oestrogen that has an effect on the salivary flow during pregnancy resulting in a more cariogenic oral environment (21); other female hormones were found to affect their eating behaviours (73) . Women also have higher levels of b 2 microglobulin (a cell-surface protein) in oral fluids. This protein is typically found at high concentrations in patients with Sj€ ogrens' syndrome and systemic lupus erythematosus, two diseases known to cause xerostomia (74) , which results in a more cariogenic oral environment in women.
Apart from the peak of oestrogen during pregnancy, pregnant women also have special nutritional demands, increasing their vulnerability to diseases associated with the scarcity of micronutrients, and this may lead to exposure of nutritional deficiencies of their societies' dietary habits. SNODDY et al. (75) found that the agricultural transition (which decreases dietary diversity and increases reliance on micronutrient-poor staple crops) caused scurvy in pregnant women as a result of their greater metabolic requirements and the unfavourable conditions. Similarly, a higher intake of iodine is required by pregnant women, and an insufficient supply in the diet may result in goitre during pregnancy (76) . GRANT (77) argued that the lack of vitamin D is a possible cause for tooth loss in pregnant women as a result of the role of vitamin D in calcium metabolism and because the required intake increases in pregnancy. The main sources of vitamin D are protein-rich foods, such as fish, although its absorption also depends on other factors linked to sun exposure, clothing, amount of melanin in the skin, latitude, and cloudiness of the environment (78, 79) . Within our samples, it seems clear that women from the Atlantic coast had an abundance of iodine, fluorine, calcium, and possibly vitamin D, from having greater access to marine resources. This was confirmed by stable isotope studies (37, 80) and by the fact that extensive paleopathological studies have not found rickets in individuals from any of the sambaqui populations studied here (81) . On the Pacific Coast, marine resources probably met some of those nutritional needs as the populations that lived nearby still consumed fish and molluscs, albeit on a smaller scale, considering that agricultural products had already become the significant source of food in this region (30) .
As a final consideration, it is critical to mention some limitations faced in this study. First of all, dental caries is an age-dependent disease [as older people accumulate Fertility, diet, and women's oral health more caries (82) ]. Therefore, the problems concerning age estimators pointed out by BOCQUET-APPEL & MASSET (83) may alter the age structure of the sample, consequently biasing the results. Also, when evaluating demographic estimates, such as the fertility rates we calculated, caution is required as some samples are not adequately representative (84) . The findings concerning fertility rate must also be carefully analysed, as the estimates of the CBR were originally conceived for demographically stable populations (59), which may not be a valid assumption for our samples. The site of Jabuticabeira II exemplifies this controversy: despite the CBR observed, there are demographic estimates indicating more than 40,000 individuals buried under the shells along the 800 yr of occupation in this settlement (36) . Although this may be an overestimate, indirect data (osteological evidence of communicable diseases, such as treponematoses, unspecified infections, and other osteological health indicators (39) ; and ages of end of weaning around 2.3 yr (85) also suggest that this site accommodated a growing population.
For further analyses, it would be interesting to quantify different types of caries, given that PEZO-LAN-FRANCO & EGGERS (16) observed a correlation between the transition from foraging to agriculture and a shift from occlusal to extraocclusal caries. We also encourage other researchers to test oral health markers versus fertility rates in rural and urban contemporary populations.
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